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Crystal point group symmetry is shown to protect Majorana fermions (MFs) in spinfull supercon-
ductors (SCs). We elucidate the condition necessary to obtain MFs protected by the point group
symmetry. We argue that superconductivity in Sr2RuO4 hosts a topological phase transition to a
topological crystalline SC, which accompanies a d-vector rotation under a magnetic field along the
c-axis. Taking all three bands and spin-orbit interactions into account, symmetry-protected MFs
in the topological crystalline SC are identified. Detection of such MFs provides evidence of the
d-vector rotation in Sr2RuO4 expected from Knight shift measurements but not yet verified.
PACS numbers:
Introduction – There has been a recent interest in the
realization of Majorana fermions (MFs) in topological su-
perconductors (SCs) [1–3]. While it is known that spin-
triplet SCs can host topological superconductivity [4–8],
a recent breakthrough indicates that conventional s-wave
superconducting states may also support the topological
phase in the presence of spin-orbit interactions [9–13].
The features of s-wave superconductivity and its possible
application to fault-tolerant topological quantum compu-
tation have stimulated both theoretical and experimental
activities. The s-wave superconducting scheme has been
applied to a wide class of condensed matter systems [14–
20].
While these developments are based on topological
classifications using the general symmetries of time-
reversal and charge conjugation [21], systems often have
other symmetries specific to their structures such as
translational, rotational, and point group symmetries
[22]. Interestingly, additional symmetries can give rise to
a nontrivial topology of the bulk wave functions and gap-
less states on the boundaries [23–27]. Although these spe-
cific symmetries are microscopically sensitive to a small
disturbance, recent studies of topological crystalline insu-
lators have shown that if the symmetries are preserved on
average, then the existence of gapless boundary states is
rather robust [28–31]. Therefore, it is expected that the
symmetry-protected topological phase can provide an al-
ternative platform for realizing MFs.
In this Letter, we clarify how the crystal point group
symmetry may protect the existence of MFs in SCs. We
focus here on spinfull SCs with point group symmetry.
While the time-reversal symmetry may protect MFs in
spinful SCs [21, 32, 33], the present theory also works
even without the time-reversal invariance. Our argu-
ments are directly applicable to many unconventional
SCs, most of which are spinfull.
Using a representation of the gap function for the point
group symmetry, we first elucidate the condition neces-
sary to obtain MFs protected by the point group symme-
try. We demonstrate that when this condition is satis-
fied, spinfull SCs can be separated into a pair of spinless
topological SCs, each of which supports MFs. If the con-
ditions are not satisfied, however, the system reduces to
a pair of states that are topologically of the same class as
quantum Hall states, and thus they only support Dirac
fermions at most.
As a concrete example, we apply these arguments to
the two-dimensional SC in Sr2RuO4. It is argued that
Sr2RuO4 hosts a profound topological phase transition
from a chiral topological SC to a topological crystalline
SC accompanied by d-vector rotation under a magnetic
field parallel to the c-axis. We identify the symmetry-
protected MFs by taking all three bands and spin-orbit
interactions into account. Detection of the symmetry-
protected MFs provides a distinct signature of the d-
vector rotation in Sr2RuO4. Such a rotation is expected
from Knight shift measurements but is yet to be verified.
Symmetry Protected Majorana Fermions – We first
consider two-dimensional SCs, and later discuss the
generalization to three-dimensional SCs. We begin
with a description of two-dimensional SC based on
the Bogoliubov de Genne (BdG) Hamiltonian H =∑
k
Ψ†
k
H(k)Ψk/2:
H(k) =
(
E(k) ∆(k)
∆†(k) −ET (−k)
)
,Ψk = (cksl, c
†
−ksl)
t, (1)
where cksl is the annihilation operator of electrons with
momentum k = (kx, ky) and spin s, l denotes the orbital
degrees of freedom of the electron, E(k) is the Hamil-
tonian of the normal state, and ∆(k) is the gap func-
tion of the SC. Here, the spin (s =↑, ↓) and orbital
(l = 1, · · · , N) indices are implicit in E(k) and ∆(k).
Both E(k) and ∆(k) are 2N × 2N matrices. Assuming
that the normal state has a mirror symmetry with re-
spect to the xy-plane as MxyE(k)M
†
xy = E(k), where
Mxy is the unitary matrix of the mirror reflection, we
demonstrate how this mirror symmetry ensures topolog-
ically stable MFs.
We note that the superconducting state retains the
mirror symmetry if the gap function ∆(k) is even or odd
2under the mirror reflection, Mxy∆(k)M
t
xy = ±∆(k).
In the former (latter) case, H(k) is invariant under the
mirror reflection
M˜xyH(k)M˜
†
xy = H(k), (2)
with M˜xy = M˜
+
xy (M˜
−
xy) given by,
M˜±xy =
(
Mxy 0
0 ±M∗xy
)
. (3)
In both these cases, H(k) commutes with either of M˜±xy
(which we refer to simply as M˜xy in the following).
Therefore, H(k) is block diagonal in the diagonal ba-
sis of M˜xy. Each block-diagonal subsector has a definite
eigenvalue of the matrix M˜xy.
The mirror Chern number ν(λ) is defined as a Chern
number of the subsector; using the negative energy states
|uλn(k)〉 in the subsector with the eigenvalue λ of M˜xy,
the gauge field in the momentum space is introduced as
Aλa(k) = i
∑
En<0
〈uλn(k)|∂kau
λ
n(k)〉. The mirror Chern
number is then given by
ν(λ) =
1
2π
∫ pi
−pi
∫ pi
−pi
dkxdkyF
λ, (4)
where Fλ is the field strength of Aλa , and the integration
is performed over the first Brillouin zone, −π ≤ kx,y ≤ π.
The mirror Chern number introduced here is a natu-
ral generalization of that used to characterize topological
crystalline insulators [23]. Therefore, as well as topolog-
ical crystalline insulators, the mirror Chern number en-
sures the existence of gapless boundary states as long as
the mirror symmetry is preserved macroscopically. How-
ever, as we show, there is an important difference: to
stabilize the MFs using the mirror symmetry, an addi-
tional requirement for M˜xy is needed.
This additional requirement originates from the sym-
metry specific to SCs. Because of the self-conjugate prop-
erty of the quasiparticle field Ψk in Eq. (1),
Ψk = CΨ
∗
−k, C =
(
0 1
1 0
)
, (5)
the BdG Hamiltonian has the special symmetry
CH(k)C† = −H∗(−k); i.e., particle–hole symmetry. The
self-conjugate property of the particle–hole symmetry is
the origin of the Majorana nature of topologically pro-
tected gapless states. Therefore, to obtain MFs in a sub-
sector of the system, particle–hole symmetry, which is
closed in the subsector, is essential. A subsector of H(k)
with a definite eigenvalue of M˜xy, however, does not al-
ways have particle–hole symmetry within the subsector
because this symmetry can exchange a pair of subsectors
with different eigenvalues. Thus, only subsectors with
particle–hole symmetry can support MFs that are pro-
tected by the mirror symmetry.
We now elucidate the condition for a subsector with an
eigenvalue λ of M˜xy to host its own particle–hole sym-
metry. Since the particle–hole symmetry maps a state
|u(k)〉 with the eigenvalue λ to C|u∗(−k)〉, the condition
is derived so that the mapped state C|u∗(−k)〉 has the
same eigenvalue λ as the original one. We find that this
leads to
CM˜xyC
† = λ2M˜∗xy. (6)
In other words, only for M˜xy satisfying Eq. (6) one can
obtain MFs protected by the mirror symmetry.
Among the two possible mirror symmetries M˜±xy in
Eq. (3), only M˜−xy satisfies Eq. (6). Indeed, from
M2xy = −1 = λ
2, one can show that λ = ±i and
CM˜±xyC
† = ∓λ2M˜±∗xy . These are consistent with Eq.
(6) only for M˜−xy, which means that when the gap func-
tion is odd under the mirror reflection Mxy∆(k)M
t
xy =
−∆(k), the subsector with the eigenvalue λ supports
its own particle–hole symmetry [Fig. 1(a)]. However,
when the gap function is even under the mirror reflec-
tionMxy∆(k)M
t
xy = ∆(k), the particle–hole symmetry
of the original Hamiltonian merely interchanges two dif-
ferent subsectors, and thus each subsector does not have
particle–hole symmetry [Fig. 1(b)].
In the latter case, we find that the subsectors belong
to class A of the topological classification [21] since there
is no particle–hole symmetry. That is, they are topologi-
cally the same as quantum Hall states, which also belong
to class A [34]. Therefore, even when there are topo-
logically protected states ensured by the mirror Chern
number, these states reduce to Dirac fermions as is the
case for quantum Hall states.
In contrast, MFs can be realized in the former case:
each subsector belongs to class D of the topological clas-
sification [21] because of its own particle–hole symmetry.
Consequently, as a class D topological phase, the mir-
ror subsector can host MFs. The topological invariant
for class D is 0 for three dimensions, Z for two dimen-
sions, and Z2 for one dimension. Therefore, in addition
to the mirror Chern number ν(λ), we can define the one-
dimensional (1D) Z2 invariants νx(λ) and νy(λ) as [7]
νx(λ) =
1
π
∫ pi
−pi
dkyA
λ
y (π, ky) mod 2, (7)
which we refer to as mirror Z2 invariants (νy(λ) is de-
fined in a similar manner). The 1D mirror Z2 invariants
are well defined even for a system without time-reversal
invariance, and thus they are very different from the Z2
invariants for topological (crystalline) insulators.
The topological invariants ν(λ), νx(λ), and νy(λ) char-
acterize the MFs in the mirror subsector; the mirror
Chern number ensures the existence of chiral edge MFs
in the mirror subsector. Using a similar argument to
that given in Refs. [35] and [36], we can also show that
3FIG. 1: Two possible realizations of particle–hole symmetry.
if the mirror Chern number is odd, then the Majorana
zero-energy states exist on a vortex. Furthermore, the 1D
mirror Z2 invariants guarantee the existence of Majorana
zero-energy bound states localized on a dislocation, if the
Burgers vector B characterizing the dislocation satisfies
B·Gλ = 1 mod 2 [37]. Here,Gλ = 12pi (νx(λ)bx+νy(λ)by)
with bx and by being the reciprocal lattice vectors in the
x- and y-directions. All these MFs are topologically sta-
ble so long as the mirror symmetry is preserved macro-
scopically beyond the scale of the coherence length.
A generalization of these results to three-dimensional
SCs is fairly straightforward. In three dimensions,
Eq. (2) is replaced with M˜xyH(kx, ky, kz)M˜
†
xy =
H(kx, ky,−kz). If we then consider the mirror invariant
kxky-planes with kz = 0 or π, the same argument as per
the two-dimensional case applies, and again symmetry-
protected MFs can be realized when the gap function is
odd under the mirror reflection. We can also general-
ize our arguments to other point group symmetries. For
instance, like topological crystalline insulators, we can
introduce topological invariants using discrete rotation
symmetries, but to stabilize the MFs, additional require-
ments similar to those in Eq. (6) are needed.
Application to Sr2RuO4– To illustrate the general
arguments above, we apply our results to the two-
dimensional spin-triplet SC Sr2RuO4 [38, 39]. Sr2RuO4
has a tetragonal structure with the crystal point group
symmetry D4h and, in particular, is invariant under a
mirror reflection with respect to the xy-plane. We con-
sider the superconducting state of Sr2RuO4 under mag-
netic fields in the z-direction. In this case, the crystal
point group symmetry reduces to C4h, but the system
is still invariant under the mirror reflection Mxy. Ac-
cording to the representation theory of C4h, the possible
spin-triplet gap functions are classified as in Table I.
For zero or weak magnetic fields, a number of experi-
ments support time-reversal breaking chiral px + ipy su-
perconductivity in Sr2RuO4, which belongs to the Eu
representation in Table I [38, 39]. The d-vector is aligned
along the z-direction, and the gap function, ∆(k) =
id(k) · σσy , is even under the mirror reflection. For
magnetic fields greater than 20 mT, Knight shift mea-
surements suggest that the d-vector is parallel to the
xy-plane, consistent with the Au or Bu representation
in Table I [40]. Thus, the gap function is helical and odd
under the mirror reflection. For consistency with both
experimental results, there should be a phase transition
TABLE I: Possible d-vector states of Sr2RuO4 under mag-
netic fields in the z-direction. The representation Γ, d-vector,
parity of the gap function ∆ = id · σσy under the mirror re-
flectionMxy, topological class of the subsector with a definite
eigenvalue of M˜xy, and mirror topological numbers ν, νx, and
νy are summarized. Note that the mirror Z2 numbers are not
defined in the Eu representation.
Γ d-vector Mxy subsector [ν(λ), νx(λ), νy(λ)]
Au xˆ sin kx + yˆ sin ky odd class D [±1, 1, 1]λ=±i
xˆ sin ky − yˆ sin kx
Bu xˆ sin kx − yˆ sin ky odd class D [∓1, 1, 1]λ=±i
xˆ sin ky + yˆ sin kx
Eu zˆ(sin kx + i sin ky) even class A [1,−,−]λ=±i
at a critical magnetic field Hzc at which the d-vector
rotates from the z-direction to the xy-plane, the chiral
superconducting state becomes helical, and the mirror
parity of the gap function changes from even to odd.
It is known that the chiral px + ipy superconducting
state in the low-field phase hosts topological supercon-
ductivity [41, 42]. Taking the spin degrees of freedom
into account, the Chern number of this state is evaluated
as νCh = 2, and thus a pair of topologically protected
chiral fermions exist on the boundary [43–49]. However,
our argument implies that it is impossible to detect their
Majorana character if d ‖ zˆ. Since the gap function is
even under the mirror reflection, this state can be sepa-
rated into a pair of subsectors belonging to class A. In
each subsector, the paired MFs, γ1 and γ2, are recast
into a single Dirac fermion ψ = γ1 + iγ2, and thus their
dynamics are reduced to those of the Dirac fermion.
In contrast, the helical superconducting state in the
high-field phase supports MFs. The ordinary Chern num-
ber νCh is found to be zero in this phase, and so this phase
is not topological in terms of the topological periodic ta-
ble [21]. Nevertheless, since the gap function is odd under
the mirror reflection, the mirror Chern number and the
1D mirror Z2 invariants can be introduced. Using a stan-
dard adiabatic deformation method for the Hamiltonian,
the mirror topological invariants can be calculated, and
we find that they are nonzero. The obtained results are
summarized in Table I. (For details, see Sec.S2 in Sup-
plementary Material.) From the bulk–boundary corre-
spondence, one can conclude that MFs protected by the
mirror symmetry exist. Since the mirror symmetry is es-
sential for hosting the topological phase, the high-field
phase realizes a topological crystalline SC[50].
To illustrate these results, we examine the quasiparti-
cle states of Sr2RuO4 using the following model Hamil-
tonian on the square lattice [51]. The conduction bands
of Sr2RuO4 consist of three 4d-t2g Ru orbitals, dxz, dyz,
and dxy, which we label as l = 1, 2, and 3, respectively.
The superconducting state of Sr2RuO4 is described by
4FIG. 2: Topological gapless states in the low- and high-field
phases of Sr2RuO4. (a) and (b) Edge states and (c) and (d)
bound states of the edge dislocation. In (a) and (b), the red
(blue) lines represent edge states localized at x = 0 (x = L).
Results are shown for the M˜xy = i sector. The d-vector is
chosen as d(k) = zˆ(sin kx + i sin ky) in the low-field phase
and as d(k) = xˆ sin ky − yˆ sin kx in the high-field phase. We
take t1 = t2 = 0.5, t3 = 0.2, t4 = 0.1, µ = −0.2, µ
′ = −0.2,
µBHz = 0.1, λ = 0.3, and ∆
l = 0.6.
the BdG Hamiltonian H = Hkin +Hso +Hpair, in which
Hkin =
∑
ks
(c†
ks1, c
†
ks2, c
†
ks3)

 εk1 gk 0gk εk2 0
0 0 εk3



 cks1cks2
cks3

 ,
Hso = iλ
∑
lmn
ǫlmn
∑
kss′
c†
kslcks′mσ
n
ss′ ,
Hpair =
1
2
∑
klss′
∆ˆlss′ (k)c
†
kslc
†
−ks′l + h.c. (8)
where εk1 = −2t1 cos ky − µ, εk2 = −2t1 cos kx − µ, and
εk3 = −2t2(cos kx + cos ky) − 4t3 cos kx cos ky − µ
′ are
the kinetic terms of orbital 1, 2, and 3, respectively,
gk = −4t4 sin kx sinky is the hybridization of orbital 1
and 2, and ∆ˆl(k) = i∆ld(k) · σσy is the gap func-
tion with d(k) as defined in Table I. Here, σn is the
Pauli matrix, and ǫlmn is the completely antisymmetric
tensor. In the (cks1, cks2, cks3) basis, Mxy is given by
Mxy = diag(−iσz,−iσz, iσz). For definiteness, we as-
sume d(k) = xˆ sin ky − yˆ sin kx in the high-field phase,
but a qualitatively similar result is obtained as long as
the d-vector is parallel to the xy-plane.
To examine the edge states of Sr2RuO4, we numeri-
cally diagonalize the BdG Hamiltonian Eq. (8) in the
coordinate space with open boundaries at x = 0 and
x = L = 30. Using the mirror symmetry, we separate
the quasiparticle spectra into two subsectors with differ-
ent eigenvalues of M˜xy. Figures 2(a) and (b) illustrate
the quasiparticle spectra in the M˜xy = i sector. A sim-
ilar result is obtained in the M˜xy = −i sector. Gapless
edge states for both the low-field phase [Fig. 2 (a)] and
the high-field phase [Fig. 2 (b)] can be seen clearly, which
is consistent with the nonzero mirror Chern numbers in
both phases. The degeneracy of these edge states at
ky = 0 [43–47] is resolved by the multi-orbital spin-orbit
interaction. Note, however, that there is an essential dif-
ference between the two phases. While the quasiparticle
spectrum in the high-field phase is particle–hole symmet-
ric as E(ky) = −E(−ky), that in the low-field phase is
not. This indicates clearly that only the high-field phase
supports edge MFs. Note also that the particle–hole sym-
metry in the low-field phase is recovered if it is considered
in conjunction with the M˜xy = −i sector.
Here we would like to mention that the existence of
gapless states in Fig.2 (b) is consistent with the Ising be-
havior of helical MFs [52–55]: Helical MFs remain gapless
except under a magnetic field along a special direction de-
termined by the d-vector. As well as Ref.[56], the present
result reveals that symmetry protection is essential for
the Majorana Ising character.
The bound states of the edge dislocations are shown in
Figs. 2(c) and (d). The energy spectra were calculated
on 30× 30 unit cell system with periodic boundary con-
ditions in the x- and y-directions. Two edge dislocations
with the Burgers vector B = ±eˆx, separated by half the
length of the system size, are considered. (See Sec.S3
in Supplementary Material.) In the high-field phase, we
have Gλ = 12pi (bx + by) from Table I, so G
λ · B = 1,
which predicts the existence of a zero mode in the dislo-
cation. The high-field phase can be seen to support zero
energy states, which are localized on the edge disloca-
tions and are two-fold degenerate because there are two
dislocations in the system. Therefore, there is a single
Majorana zero mode localized on each edge dislocation.
In the same way as ordinary MFs, these symmetry-
protected MFs can be identified by tunneling spec-
troscopy. In particular, the detection of the zero mode
in the dislocation gives a strong signature of the d-vector
rotation in the high-field phase; if the d-vector rotation
does not occur, the bound state in the dislocation must
have a gap of O(µBHz). Thus, the observation of the
zero energy state is a distinct signal of the d-vector ro-
tation. The change in the edge-mode spectra can also
provide details of the tunneling conductance. In addi-
tion, in each sector of a definite eigenvalue of M˜xy, the
symmetry-protected MFs behave like ordinary MFs and
retain the unique features specific to MFs [57–64].
Discussions – The symmetry-protected MFs discussed
here are applicable to many unconventional SC; the same
arguments apply equally to CuxBi2Se3 [8, 65–69] and
UPt3 [70, 71] as both these crystals have a mirror plane.
Details about these systems will be reported elsewhere.
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7Supplementary Material
S1. Parity of the gap function under the mirror reflection Mxy
Under the mirror reflection with respect to the xy-plane, the gap function transforms as
∆ˆ(k)→Mxy∆ˆ(kx, ky,−kz)M
t
xy, (S.1)
with k = (kx, ky, kz) and Mxy = ±iσz. If the gap function satisfies Mxy∆ˆ(kx, ky,−kz)M
t
xy = ∆ˆ(k)
(Mxy∆ˆ(kx, ky,−kz)M
t
xy = −∆ˆ(k)), the parity of the gap function under the mirror reflection is even (odd). In
general, the mirror parity is determined completely by the representation of the gap function under the point group
symmetry.
For example, consider a gap function that belongs to the trivial representation of an s-wave gap function ∆ˆs(k) =
iψσy. In this case, Eq.(S.1) leads Mxy∆ˆs(kx, ky,−kz)M
t
xy = ∆ˆs(k), which implies that the mirror parity of the gap
function in the trivial representation is always even.
For a two dimensional spin-triplet gap function ∆ˆ(k) = id(k)σσy with k = (kx, ky), we can relate the mirror parity
to the orientation of the d-vector. In this case, the right hand side of Eq.(S.1) becomes
− idx(kx, ky)σxσy − idy(kx, ky)σyσy + idz(kx, ky)σzσy, (S.2)
and thus if the d-vector is normal (parallel) to the z-direction, the mirror parity is odd (even), and vice versa.
Therefore, for a two dimensional spin-triplet superconductor like Sr2RuO4, the mirror parity is determined by the
orientation of the d-vector and does not depend on other details of the gap function.
S2. Mirror topological numbers of Sr2RuO4
In this section, we calculate the mirror topological numbers of Sr2RuO4. To calculate the mirror topological
numbers, we adiabatically turn off the spin-orbit interaction λ and the inter-orbit hopping t4 of the Hamiltonian
Eq.(8) without gap closing, by changing other parameters of the Hamiltonian slightly if necessary. This process does
not change the mirror topological numbers since they can change only when the gap closes. In the absence of the
spin-orbit interaction and the inter-orbit coupling, the three orbitals of Sr2RuO4 are decoupled to each other, and
thus the calculation of the mirror topological numbers is simplified.
First, we calculate the mirror Chern number. Among the three orbitals of Sr2RuO4, only the dxy orbital contributes
to the mirror Chern number since other two orbitals reduce to be one-dimensional in the absence of the inter-orbit
8coupling. The BdG Hamiltonian of the dxy orbital is given by
H3 =
1
2
∑
kss′
(c†
ks3, c−ks3)
(
εk3 − µBHzσz ∆ˆ
3(k)
∆ˆ3†(k) −ε−k3 + µBHzσz
)
ss′
(
cks′3
c†−ks′3
)
. (S.3)
To calculate the mirror Chern number, we block diagonalize the above Hamiltonian of the dxy orbital in the diagonal
basis of M˜xy. Each sector of the block diagonal Hamiltonian is a 2× 2 matrix with the following form,
Hλ(k) =
3∑
µ=0
hµ;λ(k)σµ, (S.4)
where σµ = (1, σa) (a = 1, 2, 3) is the 4-component Pauli matrix, and λ denotes the eigenvalue of M˜xy. For the 2× 2
Hamiltonian, the mirror Chern number ν(λ) is recast into
ν(λ) =
1
8π
∫ pi
−pi
∫ pi
−pi
dkxdkyǫ
ijǫabchˆa;λ(k)∂ki hˆb;λ(k)∂kj hˆc;λ(k), (S.5)
with hˆa;λ = ha;λ/
√∑3
b=1 h
2
b;λ. Here the summations for i, j = x, y and a, b, c = 1, 2, 3 are implicit. The last equation
is evaluated as [1]
ν(λ) =
1
2
∑
h1;λ(k)=h2;λ(k)=0
sgn[h3;λ(k)]sgn[det ∂kihj;λ(k)], (S.6)
where the summation is taken for k satisfying h1;λ(k) = h2;λ(k) = 0, and
det∂kihj;λ(k) = det
(
∂kxh1;λ(k) ∂kxh2;λ(k)
∂kyh1;λ(k) ∂kyh2;λ(k)
)
. (S.7)
This formula leads to the results summarized in Table I.
Now calculate the mirror Z2 invariants for mirror even gap functions. By using the technique developed in Ref.[7],
it is found that the mirror Z2 invariant is directly related to the Fermi surface as
(−1)νx(λ) =
∏
l
sgnεk=(pi,0)l sgnεk=(pi,pi)l, (−1)
νy(λ) =
∏
l
sgnεk=(0,pi)l sgnεk=(pi,pi)l, (S.8)
which yields the results in Table I.
S3. Model of edge dislocations
We explain our model for edge dislocations used in the calculation of Figs. 2 (c) and (d). As illustrated in Fig.
S1, we place two edge dislocations with the Burgers vector B = ±eˆx and diagonalize the Hamiltonian Eq.(8) in the
coordinate space. In actual calculation, we have used 30× 30 unit cell system with the periodic boundary condition
and the two dislocations are separated by 15 unit length. Figures 2 (c) and (d) show the resultant eigen energies.
9FIG. S1: Model of edge dislocations. Additional links are inserted to create edge dislocation with the Burgers vector B = ±eˆx.
While we have assumed that the parameters of the Hamiltonian near the dislocations are the same as those in the
bulk, for simplicity, our result does not depend on the details: In Fig.S2, we show the quasiparticle spectra of a
deformed edge dislocation where the double links near the dislocation in Fig.S2 (c) take different model parameters
than those in the bulk. Figures S2 (a) and (b) clearly indicate that the qualitative behaviors are the same as those in
Figs. 2(c) and (d), respectively.
FIG. S2: (a) and (b) Bound states of the edge dislocations with deformed model parameters near the dislocations. The d-
vector is chosen as d(k) = zˆ(sin kx + i sin ky) in the low-field phase and as d(k) = xˆ sin ky − yˆ sin kx in the high-field phase.
(c) Deformed edge dislocations. On the double lines in Fig.S2(c), we take t1 = t2 = 0.75, t3 = 0.3, t4 = 0.15 and ∆
l = 0.9. In
other regions, the model parameters are the same as those used in Fig. 2.
S4. Robustness of mirror topological phase in Sr2RuO4
In this letter, we have assumed conventional chiral p-wave gap function in the low field phase of Sr2RuO4. However,
our qualitative results rarely depend on the details of the gap function as far as the gap function is spin-triplet and
the orientation of the d-vector is the same: Since the parity of the gap function under the mirror reflection is the same
as far as the orientation of the d-vector is the same, as we pointed out in Sec.S1, the topological class of the mirror
subsectors is also the same. Furthermore, for spin-triplet gap functions, one can show that the mirror Z2 invariant
(for d ⊥ zˆ) and the parity of the mirror Chern number are the same as far as the Fermi surface topology in the
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normal state is the same [7]. This means that the mirror topological numbers are non-trivial, irrespectively of details
of the gap function for Sr2RuO4.
For comparison, Figs. S3 (a) and (b) show the edge state and the bound state of the edge dislocation, respectively.
The gap function is taken to be a recent proposed one in the low field phase [72],
∆ˆl(k) = i∆ldl(k) · σσy, (S.9)
with
d1(k) = i sinky cos kxzˆ, d
2(k) = sin kx cos kyzˆ, d
3(k) = (sin kx + i sinky)zˆ. (S.10)
These spectra are indeed qualitatively the same as those in Figs. 2 (a) and (c).
FIG. S3: Topological gapless states for the gap function Eqs.(S.9) and (S.10). (a) Edge state and (b) bound state of the edge
dislocation. In (a), the red (blue) lines represent edge states localized at x = 0 (x = L). The model parameters are the same
as those of Fig.2.
Our consideration also suggests that the gapless state in Fig. 2(b) can be gapful if one breaks the mirror symmetry
with respect to the xy-plane. This is indeed the case as is illustrated in Fig.S4.
S5. Effects of the spin-orbit interaction on edge modes in Sr2RuO4.
While edge modes of Sr2RuO4 have been studied intensively[43-49], the spin-orbit interaction had been ignored except
for a recent work by Imai et al. [49], where the spin-orbit interaction was taken into account partially for the α and
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FIG. S4: Edge state in Fig.2 (b) under a magnetic field along the y-direction which breaks the mirror symmetry with respect
to the xy-plane. Here we show the quasiparticle spectrum of the total system, not that in a mirror subsector, since the mirror
symmetry is broken. We take µBHy = 0.1 and µBHz = 0. Other model parameters are the same as those of Fig.2 (b).
β-bands. In the present letter, we consider the spin-orbit interaction for full three α, β and γ-bands in Sr2RuO4.
Here we illustrate that the edge mode spectra are considerably affected by the spin-orbit interaction.
In Figs. S5 (a)-(d), we compare the edge state spectra with and without the spin-orbit interaction. To sharpen the
effect of the spin-orbit interaction, we set the magnetic field Hz as zero in the numerical calculations in Fig. S5, but
other model parameters are the same as those in Fig. 2. It is found that the edge state spectra are fairly changed by
the spin-orbit interaction. In particular, Fig. S5 clearly indicates that the degeneracy of the edge modes at ky = 0
reported in Refs.[43-47,49] is resolved by the spin-orbit interaction.
FIG. S5: Edge states with [(a) and (b)] and without [(c) and (d)] the spin-orbit interaction. The d-vector is chosen as
d(k) = zˆ(sin kx + i sin ky) in (a) and (c), and d(k) = xˆ sin ky − yˆ sin kx in (b) and (d). In (c) and (d), the gapless edge modes
around ky = 0 are two-fold degenerate. The red (blue) lines represent edge states localized at x = 0 (x = L). [Around ky = 0
in (d), a pair of left and right moving edge modes are localized on each edge.] We take µBHz = 0, λ = 0.3 in (a) and (b), and
λ = 0 in (c) and (d), respectively. Other model parameters are the same as those of Figs.2 (a) and (b).
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